Assessments in agricultural crops indicate that alterations in the landscape adjacent to the crops can result in reduced productivity due to loss or low abundance of pollinating agents. In the canola crop, production is partially dependent on insect pollination. Therefore, knowledge of the faunal diversity within and near crop fields is key for the management of these insects and consequently for the increase in productivity. This study aimed to determine and compare the diversity of bees in habitats associated with canola fields in southern Brazil. Bees were captured in four agricultural areas using pan traps in three habitat classes: (1) flowering canola crop, (2) forest remnant, and (3) grassland vegetation. The highest abundance of bees was observed in the grassland vegetation (50%) and in the flowering canola field (47%). Eight species common to the three habitat classes were recorded, four of which are represented by native social bees. In addition, a single or a few individuals represented species that were exclusive to a specific habitat class; eight species were collected exclusively in the interior of the canola field, 51 in the grassland vegetation, and six in the forest remnant. The majority of the rare species recorded exhibits subsocial or solitary behaviour and inhabit open places. The composition of bee groups differed between the habitats showing the importance of maintaining habitat mosaics with friendly areas for pollinators, which promote the pollination service for canola flowers.
Introduction
Assessments in agricultural crops indicate that alterations in the landscape of habitats adjacent to plantation fields and the consequent loss of pollinating agents result in reduced productivity (Vaissiere et al., 1996; Vicens and Bosch, 2000) . Thus, the presence of pollinators of certain crops is dependent on the quality of the areas surrounding the plantation fields (Klein et al., 2003) . The production of coffee plantations near forest remnants increases by approximately 15%, a result related to pollination services (De Marco and Coelho, 2004) . Currently, 33% of the plants cultivated for human consumption depend on pollination, which is usually performed by bees (Klein et al., 2007) . On a global scale, the pollinators contributed with 9.5% of the total production crops used for human food in 2005 (i.e., EUR 153 billion) (Gallai et al., 2009) . Brassica napus L. oleifera variety, known as canola, is the third most cultivated oleaginous plant in the world, and its seed production is partially dependent on insect pollination (Tomm et al., 2010) . In 2012, the cultivated area of canola was 43,800 ha, with 41,500 ha of this area residing in southern Brazil (Conab, 2013) . The production of this crop is targeted at obtaining oil for human consumption and for biodiesel production (Marjanović-Jeromela et al., 2008) .
Although canola is self-fertile, its productivity is increased by insect visitation to its flowers, with Apis mellifera considered the main pollinator (McGregor, 1976; Abrol, 2007; Rosa et al., 2010) . This bee species has been studied extensively, but studies with native bees are scarce, despite their important role in the pollination of canola plants (Morandin and Winston, 2005) . Studies have identified a number of limiting factors for producing canola seeds, including environmental conditions, compensatory ability of the crop, and the frequency of floral visitors (Mesquida et al., 1988; Free, 1993) . In Canada, the introduction of three A. mellifera colonies per hectare promoted an increase of 46% seeds yield of canola (Sabbahi et al., 2005) . In Brazil, pollination of B. napus (Hyola 432 cultivar) performed by free visit of insects resulted in a 22% increase in seed production compared with autogamy (Rosa et al., 2010) .
Knowledge of the regional fauna of potential pollinators in agricultural areas is necessary for the establishment of strategies aimed at increasing the productivity of canola seeds. Therefore, this study aimed to determine the diversity of bees in the habitats associated with canola production in southern Brazil and to compare the bee species composition between these different habitats. 
Material and methods

Study area
The study was conducted in four areas near and within B. napus fields (Hyola 420 cultivar) in the municipality of Esmeralda, state of Rio Grande do Sul (RS), Brazil. The region is characterized by pasture land, forest fragments, and fields of annual crops (canola, soya, wheat and maize). The four plantation fields of canola studied sized 20 ha (field 1, Fig. 1 ), 80 ha (2), 100 ha (3), and 80 ha (4) and were far from each other 2.5 and 23.5 km. These plantation fields are located in the ecoclimatic region of the Serra do Nordeste upper plateau, with average annual temperatures of 14.4-16.8 • C, a relative humidity of 76-83%, an annual precipitation of 1412-2162 mm, and an altitude of 944 m (Veloso et al., 1992) . According to the Köppen classification, the region is considered Cfa -humid temperate (Alvares et al., 2013) , and the original vegetation is composed of Mixed Ombrophilous Forest and Grassland. Employment of a summer (maize and soybean) and winter (canola and wheat) crop rotation system is typical in the region.
Sampling design
On each area, the diversity of bees was evaluated in three habitat classes: flowering canola fields, forest remnant, and grassland vegetation. The sampling of bees was performed using blue, yellow, and white pan traps, which remained exposed for 24 h per sampling (adapted from Westphal et al., 2008) . These traps were arranged in plots, which consist in five groups of three pots, keeping a distance of 15 m between the groups and a distance of 3 m between the pots, forming an equilateral triangle (adapted from FAO, 2010). The pan trap method is the most efficient for collecting in agricultural and seminatural habitats (Westphal et al., 2008 the results will be present together, because the composition of landscape is homogeneous. The bees were identified and deposited at the Bee Collection of the Museum of Science and Technology, Pontifícia Universidade Católica do Rio Grande do Sul (PUCRS).
Data analysis
The software PAST was used to analyze the species abundance and richness (Hammer and Harper, 2003) . The rarefaction curve was used to measure the sampling sufficiency (Krebs, 1998) . The indices Sobs, Chao 1 and 2, first and second-order Jackknife, and Bootstrap were adopted to evaluate species richness. The estimators were obtained using the PRIMER 6.0 software (Clarke and Gorley, 2006) .
Bees were grouped according to their degree of sociality and their original geographic distribution for comparisons between habitat classes. Three categories were thus considered: exotic social (A. mellifera), native social (Meliponini and Bombini), and subsocial or solitary native. The diversity indices were compared pairwise between groups of bees and between habitats using the PAST software to evaluate significant differences for these factors (p < 0.01) (Hammer and Harper, 2003) .
Species dominance was classified according to the categories of Friebe (1983) : eudominant, >10%; dominant, 5-10%; subdominant, 2-5%; recessive, 1-2%; and rare, <1%. D% = (i/t).100, where i is the total number of individuals of one species, and t is the total number of individuals collected.
Results
During the study, 886 bees belonging to 87 species were collected. Apinae was the most abundant subfamily, represented by 441 individuals, 254 of which belonged to A. mellifera, followed by the subfamilies Halictinae (424), Andreninae (13), Colletinae (6), and Megachilinae (2) ( Table 1 ). The highest number of individuals was collected in the grassland vegetation (50%), followed by the interior of the flowering canola field (47%) and the forest remnant (3%). Eight species occurred exclusively in the interior of the flowering canola field, 51 were observed exclusively in the grassland vegetation, and six were observed exclusively in the forest remnant; only eight species were captured in all three habitat classes (Table 1) . Most species sampled were categorized as rare in three habitats, except for A. mellifera, native social bees (Meliponini and Bombini), and others bees of gregarious habit (Dialictus spp. and Pseudagapostemon tesselatus) (Table 1 ). In the interior of the flowering canola field, the abundance of captured bees was higher in yellow traps (246), whereas species richness was higher in blue traps (19) ( Table 2) . Regarding the grassland vegetation, the abundance was higher in yellow traps (211), although the number of species was similar in the yellow and blue traps (Table 2 ). Unlike the other environments, in the forest remnant, higher abundance (12) and richness (11) were obtained in the white traps. Regarding the frequency of bees collected, subsocial or solitary native bees predominated in the three habitat classes, although the native social bees were also observed in all of them (Fig. 2) . Unlike the other groups of bees previously mentioned, exotic social bees (A. mellifera) were not collected in the forest remnant.
The environment with the highest abundance and species richness was the grassland vegetation, as well as the highest values for the Simpson and Pielou equitability indices. The forest remnant was the habitat class with the highest Shannon index (3.133) due to its low dominance caused by the ratio between richness and abundance (Table 3) . The lowest Shannon, Simpson, and Pielou equitability indices were obtained for the flowering canola field (Table 3) .
Pairwise comparison analysis of diversity indices between the three habitat classes indicated differences in the fauna found in the flowering canola field compared with the forest remnant and grassland vegetation (Table 4) . However, no significant difference was found between the latter two habitats. Considering the abundance of individuals in the three habitat classes, faunal diversity differed significantly with respect to the groups of bees, between the exotic social and the native social bees as well as between the exotic social and the subsocial/solitary native bees. However, the diversities of the native social bees and the subsocial/solitary native bees were similar (p > 0.01) ( Table 4 ). The indices of bee richness obtained in the present study tended towards an asymptote, with the exception of the Chao 2 index, which exhibited higher stability with respect to the number of species collected (Fig. 3) .
Discussion
The record of four native social bees (Bombus pauloensis, Mourella caerulea, Scaptotrigona bipunctata, and Trigona spinipes), a total of 34% of all bees collected (300 individuals), in all sampled area was presumably facilitated by the fact that these species form colonies with hundreds of individuals and exhibit a wide range of food sources (Wilms et al., 1996) .
Although several bee species explore agricultural crops to collect floral resources (Holzschuh et al., 2008) , this is not the only critical factor to bee survival. These insects also require breeding and nesting sites (Steffan-Dewenter and Tscharntke, 1999; Knight et al., 2009) , which are usually found in natural environments (Dixon, 2009) . The habitat mosaics supply these resources required by the bees to complete their life cycle (Fahrig, 2003) .
The high representation of Halictinae might be attributed to the dominance of these species in open and/or secondary vegetation of southern Brazil (Bárbola and Laroca, 1993) . In addition, the methodological approach with pan traps might maximize the sampling of Halictinae compared to representatives of Apinae and Megachilinae (Cane et al., 2000) . Augochlora, Augochloropsis, and Dialictus of the tribes Augochlorini (41 species) and Halictini (23 species) are among the genera with the highest species richness in southern Brazil (Gonç alves and Melo, 2005) .
The low abundance of Colletinae and Megachilinae in the studied agricultural environments is consistent with other studies using pan traps (Cane et al., 2000; Gollan et al., 2011; Gonç alves et al., 2012) , although it is possible that the number of individuals of these groups has been underestimated in this study. However, these traps are known to be effective tools for monitoring populations of anthophilous insects in fragmented environments (Aizen and Feinsinger, 1994; Leong and Thorp, 1999; Campbell and Hanula, 2007; Wilson et al., 2008; Gollan et al., 2011; Gonç alves et al., 2012) .
The higher abundance and species richness in grassland could be explained by the adaptation of several bee species to open spaces (Klemm, 1996) and by the fact that these species may benefit from forest fragments, even if small ones (Tscharntke et al., 2002) . In comparison to the other habitats, the high Shannon index obtained for the forest remnant is most likely due to the low abundance of bees and the correspondent high number of species. This result might be attributed to the low luminosity in the forest remnant environment and to interference in the efficacy of pan traps, whereas other methods may result in greater success for bee capture, including entomological nets and chemical baits (Michener et al., 1955; Harter, 1999; Krug and Alves-dos-Santos, 2008) . However in the flowering canola field, the Shannon index was low, probably because the high abundance and dominance of A. mellifera. The massive presence of this species may have also directly influenced the richness of the native bees, regardless of their degree of social organization.
Comparisons of the diversity between habitat classes indicated that the canola fields significantly differed from the grassland vegetation and forest remnants with respect to diversity features. Although in the flowering canola field compared with the other environments was observed low bee richness, this result can be explained by the low activity of pollinators in the winter. No significant differences were observed with respect to species diversity between the forest remnant and the grassland vegetation; six species (30% of individuals) were collected in both habitats. In addition, the maintenance of habitat mosaics with friendly areas for pollinators seems essential for the presence of numerous species of bees. The high number of A. mellifera (although there is no record of apiaries in the region), a species with a wide trophic-niche and a great flight capacity (in comparison to the native bees) are factors that may explain the abundance of A. mellifera (Wilms et al., 1996) . This species stands out as an effective pollinator of many agricultural crops, including canola (McGregor, 1976; Sabbahi et al., 2005; Abrol, 2007; Rosa et al., 2010) .
The process of loss or mischaracterization of forest environments results in the reduced abundance and diversity of bees and in the modification of plant-pollinator interaction networks, thereby reducing pollination services (Winfree et al., 2009; Carvalheiro et al., 2011; Garibaldi et al., 2011) . Thus, the global trend of expansion of agricultural areas to compensate for a pollination deficit (Freitas et al., 2009; Viana et al., 2012 ) might result in a loss of forest and grassland habitats associated with canola crops, possibly reducing the richness of bees that promote the pollination of this crop.
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